Atmosphere Study conducted 3 research expeditions (April-May, July and October) to the Northwest Atlantic to study gas exchange at the air-sea interface. Interpreting the relationships between gas exchange and biological activity measured in these expeditions is facilitated if the water masses sampled can be identified in a large-scale context. Longhurst et al. (1995) tackled the issue of water mass characterisation by defining biogeochemical provinces for the world ocean and in particular for the NW Atlantic. To avoid the limitations that arise from the static arrangement of provinces with rectilinear boundaries as used in Longhurst et al. (1995) , we developed a dynamic method based on statistical analysis of geophysical and biological data to delineate the boundaries of Longhurst's provinces in real time. This new method was applied to satelliteretrieved sea-surface temperature (SST) and phytoplankton biomass data averaged over the length of the research cruises (22, 17 and 16 d in spring, summer and fall respectively). CTD casts at various stations along the ship track were used to validate the method. A sensitivity study on primary production estimations performed with both definitions (static and dynamic) showed a negligible difference at the basin scale; however, variations at the province scale were significant. The regional description afforded by the new method was useful for the interpretation of expedition data.
INTRODUCTION
The Surface Ocean Lower Atmosphere Study (SOLAS), an international research program that started in 2000, focuses on air-sea interface gas exchanges and related processes. The Canadian com-ponent of SOLAS (C-SOLAS) is dedicated to 3 main research themes: (1) biogeochemical interactions and feedback between the ocean and atmosphere, (2) exchange processes at the ocean-atmosphere interface, and (3) integration and modelling of interactions between the ocean and atmosphere. In 2003, C-SOLAS activities included 3 cruises to the NW Atlantic, 1 in each of 3 seasons. The cruises were designed to study greenhouse gas exchanges across the air-sea interface and related processes in various ecological provinces in the area. The same stations were occupied during each cruise. A challenge for interpreting data collected at these stations and for extrapolating the results over large areas was the identification of the ecological provinces where the stations were located. The problem was more acute when the sampling stations were located near the boundaries of the putative provinces. This issue has been addressed at global , Longhurst 2006 ) and basin scales (Hoepffner et al. 1999 , Watts et al. 1999 , Gibb et al. 2000 , Gonzalez-Silvera et al. 2004 .
Ecological provinces, also referred to as biogeochemical provinces, are regions or water masses with similar physical (e.g. SST, mixed-layer depth, bathymetry) and biological (e.g. chl a concentration, photosynthetic parameters, biomass vertical profile) characteristics. Longhurst et al. (1995) proposed a global classification of ecological provinces, based on physical forcing, in which oceans were partitioned into 56 provinces. We used these provinces as a template and assigned to them photosynthetic parameters and parameters that describe vertical structure in chl a distribution for computing primary production. The main limitation of the approach, acknowledged by , lies in the static definition of the province boundaries: ocean circulation and therefore water mass location change with seasonal cycles or in response to intense atmospheric events (see also Platt & Sathyendranath 1999) .
Satellite observations are useful in identifying physical ocean processes and features such as fronts and eddies (Cornillon et al. 1987 , Sur et al. 1994 , Bardey et al. 1999 , Johannessen et al. 2000 , Hoge & Lyon, 2005 . This information could be applied to aid in assigning dynamic province boundaries, which would be superior to the static boundaries that have been used so far. Several authors have used satellite data to identify surface water masses and to compute phytoplankton production at basin scales (Dugdale et al. 1989 , Sathyendranath et al. 1991 , Watts et al. 1999 , Fischer et al. 2000 . These methods are based on SST and chl a concentration. Here, using data from the NW Atlantic Ocean, we build on these studies to develop a dynamic method for ecological partitioning of the ocean in real time. This study focuses on the NW Atlantic region so that only a fraction of the initial provinces described by Longhurst et al. (1995) account for the various ecosystems present in the study area: Boreal Polar (BPLR), Arctic (ARCT), North Atlantic Drift (NADR), Northwest Continental Shelf (NWCS), Gulf Stream (GFST), Subtropical Gyre East (STGE) and Subtropical Gyre West (STGW). A detailed description of the physical and biological characteristics of the provinces can be found in Longhurst (2006) .
The new method is based on cluster analysis performed on remotely sensed data (SST and chl a) from the Moderate Resolution Imaging Spectroradiometer (MODIS). The method was applied to 3 periods corresponding to the 3 C-SOLAS research cruises. Vertical profiles of chl a and temperature were examined to see how well they conform to the independently assigned provinces. Primary production was then computed using both the static and dynamic approaches for defining province boundaries. Whereas total production for the entire study area was similar in magnitude for both approaches, primary production at the province scale showed some differences.
MATERIALS AND METHODS
Satellite observation. The 3 C-SOLAS cruises were conducted in 2003 in spring (25 April to 15 May), summer (8 to 24 July) and fall (13 to 28 October). Daily MODIS L2 data from the AQUA platform were downloaded from the NASA website (http://oceancolor.gsfc. nasa.gov/) for each cruise. SST and chl a concentration were extracted for the study area, which extends from 35 to 62°N and from 42 to 71°W (Fig. 1) . Some 173, 124 and 111 images were used, respectively, for the spring, summer and fall cruises. The large number of files (compared with the number required to accomplish the same task with SeaWiFS, for example) is characteristic of MODIS data; files are archived and distributed as images, each corresponding to 5 min of satellite data acquisition.
For each cruise, the data were remapped using the SeaDAS software (NASA). A cylindric projection was used with a spatial resolution of 2.25 km 2 (1.5 × 1.5 km), giving a matrix of 1360 pixels × 1956 lines for the study area. The individual remapped images were combined to provide composite images of SST and chl a concentrations for the periods of the 3 C-SOLAS cruises. Fig. 2 shows SST and chl a concentration for the spring cruise. The large-scale structures can be intuitively interpreted as an assemblage of different water masses outcropping at the surface. For example, in the south of the study area, warm oligotrophic waters (WOW) form a front against cool, phytoplankton-rich waters. Such features were exploited to identify and separate the different ecological provinces. In addition to chl a concentra-tion and SST, 4 other variables were used in the statistical analysis: bathymetry, location (latitude and longitude) and a province number ranging from 0.25 to 1.75 allocated to each pixel depending on that pixel's original location assignment among the static ecological provinces of Longhurst et al. (1995) . The value of the province number depended on the location of the province: the smallest number is the farthest north: Boreal Polar (BPLR) = 0.25, Arctic (ARCT) = 0.5, North Atlantic Drift (NADR) = 0.75, NW Atlantic Shelf (NWCS) = 1, Gulf Stream (GFST) 1.25, Subtropical Gyre East (STGE) = 1.5, and Subtropical Gyre West (STGW) = 1.75.
In situ measurements. CTD casts were made at 8 stations during each of the 3 cruises. Station numbers and locations are summarised in Table 1 . Station locations were selected to cover a wide range of water masses, from the Sargasso Sea in the south of the study area to the Greenland shore in the north (Fig. 1) . The most northerly, Stn T7, was not sampled during the spring cruise due to a lack of ship time. Stn T2a, near Stn T2, was sampled only during the spring cruise. At each station, 2 to 8 profiles were made depending on time Longhurst et al. (1995) and location of the stations with SST and chl a concentration profiles. See Table 2 for definitions of province names Profiles were recorded over depths of several hundred meters. However, only the upper 300 m were considered in this study, because this depth range included all the information required for primary production calculations (thermocline and depth of chl a maximum). Profiles of temperature and chl a concentration (fluorometry) were used to assess differences between water masses and particular features within a water mass. Measured profiles were assigned to ecological provinces as identified by satellite data, to evaluate the consistency of the statistical analysis. Whereas comparisons with CTD casts do not provide a rigorous validation of the statistical classification of ecological provinces and their dynamical borders, they do lend weight to the classification by demonstrating internal consistency. Primary production was computed using software developed by Platt & Sathyendranath (1993) , which is freely available on the International Ocean Colour Coordinating Group website (www.ioccg.org/software/ Ocean_Production/; routine: Daily Water Column Production by Numerical Approximation, DWCPN). This program computes the daily water column primary production assuming a Gaussian vertical profile described as:
where C is chl a concentration at depth z, C 0 is the background chl a concentration, z m is the depth of chl a maximum, H and σ are, respectively, the height and halfwidth of the Gaussian curve that describes the chl a peak, and ρ' = H /(H +C 0 ). These calculations were executed to evaluate the impact of province assignment on production estimates. Parameters of photosynthesis-irradiance curve and of the vertical structure in chl a (Table 2) were taken from . Some of these parameters are domaindependent, where a domain is made up of a number of provinces: e.g. the polar domain encompasses the BPLR and ARCT provinces. When seasonal variation data was available, it was accounted for in the parameters. Pixels classified as cloudy or ice-covered were not accounted for in the computation, but this does not affect comparisons between the static and dynamic provinces, since the same pixels are missing for both treatments. However, the presence of masked pixels can affect inter-season comparisons at the province scale. Therefore, only cloud-free provinces or provinces with a negligible number of masked pixels over the 3 seasons were used in the analysis.
Statistical analysis. Pixels were assigned to given provinces using an objective, statistical classification procedure: the K-means cluster analysis (Hartigan & Wong 1979) as implemented in the R freeware (Programming Environment for Data Analysis and Graphics). In this method the user defines the number of clusters into which the data are to be sorted, which is convenient for partitioning an area into a given number of ecological provinces. The K-means method arranges the points of a dataset in K clusters to minimize the system's total variance. The energy E of each cluster for each property P (e.g. SST) is:
where n is the number of points in cluster K, x P,i are the values of the data for property P, and k P is the value at the centre of cluster K for property P. We used 7 clusters and computed 6 centres (SST, chl a, water depth, province coefficient, latitude and longitude) for each of the clusters. Thus, 6-column matrices were created initially for each season with the number of rows equal to the number of valid pixels in the images (excluding clouds and land pixels). The first 2 columns in the matrices corresponded to SST and the logarithm (base 10) of chl a concentration. Before log transformation, 4 . The proportion of the total marine pixels set to this threshold value was highest in spring (2.6%). With estimated chl a values as high as 200 mg m -3 in some areas (mainly close to the shore), this scaling avoided the organisation of high chl a concentrations into a single cluster during the statistical analysis. The third column of the matrix corresponded to the logarithm of the depth. The log transformation was adopted to restrict the magnitude and range of variation in depth, thus diminishing this variable's weight and avoiding the possibility of bathymetry exercising excessive control over the clustering outcome. The fourth column listed the province number. The coefficients were incremented in steps of 0.25 rather than 1.0 to reduce this column's weight and avoid rectilinear boundaries as observed in the static approach in Longhurst et al. (1995) (Fig. 1) . The fifth and sixth columns of the matrix corresponded to the logarithms of each pixel's latitude and longitude, which were used to decrease the magnitude and range of variation of that variable. To ensure consistency across seasons and to carry identical weight for each data type from one season to another, all data columns except the province identity were linearly scaled as follows: SST from 0 to 10; chl a concentration from 0 to 4; depth from 0 to 2; latitude and longitude from 0 to 1. Thus SST, chl a concentration and, to a lesser extent, depth were the principal properties in the statistical analysis that drove the allocation of a pixel to a particular province. Several sets of weights were applied to previous statistical analyses (results not shown here). It appears that the set of weights presented above best reproduces the provinces defined by Longhurst et al. (1995) under the implementation of dynamic boundaries.
Identification of provinces. First, datasets for each cruise were processed using the K-means statistical analysis for 7 clusters, the same amount of static provinces in the NW Atlantic as defined by Longhurst et al. (1995) . Table 3 presents the coordinates of the centres of each cluster: SST, chl a, depth, province coefficient, latitude and longitude. Note that depth, latitude and longitude are shown (rather than their logarithms) to facilitate interpretation of this tabulation. The statistical analysis returns 5 main surface water masses (Fig. 3) with similar locations in each of the 3 seasons. Because the SST was allocated a broader range of variation (1 to 10, dimensionless), the clusters arranged themselves according to the temperature gradient. Including other properties (depth, province number, latitude and longitude) ensured that pixels with similar chl a and SST values in very different locations would not be sorted into the same cluster. Fig. 4 shows the cluster centres as functions of SST, chl a and depth for each of the seasons. In all 3 seasons, a cluster characterised by low chl a concentration (0.29, 0.12 and 0.19 mg chl a m -3 respectively for spring, summer and fall) and high SST (20.1, 25.7 23.7°C respectively for spring, summer and fall) representing WOW was found in the southern part of the study area (Table 3 , Cluster 5). Fig. 3 suggests that this cluster subsumes 3 of Longhurst's provinces: GFST, STGE and STGW. A second pool of warm waters (Table 3 , Cluster 4) with higher chl a concentration was also found in all 3 seasons (Fig. 4) . These waters represent a transition province between the warm and cooler waters in the northern part of the study area.
At the other extreme, cold, phytoplankton-rich waters (Table 3 for spring, summer and fall respectively can be related to Longhurst's BPLR province. Similarly, a second cluster of cold waters (3.52, 8.27 and 6.68°C for spring, summer and fall seasons respectively; Table 3 , Cluster 2) is geographically close to the ARCT province defined by Longhurst et al. (1995) (Fig. 3) .
Thus, a purely statistical approach does not yield a satisfactory solution from an oceanographic perspective: it does not separate the GFST, STGE and STGW provinces, but keeps them combined in a single cluster (WOW). Moreover, in all 3 seasons, a cluster of warm water with higher chl a concentration was found at deep-water locations (centres of 4578, 4058 and 3781 m for spring, summer and fall respectively). Based on this cluster's unique characteristics, it seemed necessary to identify it as a new province to be added to those already defined by Longhurst et al. (1995) , and we tentatively call it the Slope Waters. It represents a transition province between the southern WOW and the cooler, richer waters of the continental shelf.
In an analogy between the cluster analysis and Longhurst's province definition, we concluded that Cluster 1 relates to the BPLR province, Cluster 2 to ARCT, Cluster 4 to the new province named Slope, and Cluster 5 encompasses the 3 provinces GFST, STGW and STGE. Thus, Cluster 3 must regroup the NWCS and NADR provinces. This cluster will be referred to as the Continental Shelf /Atlantic Drift (CS/AD) province.
Towards Longhurst et al. (1995) provinces. A second cluster analysis was applied regionally to 2 of the 5 clusters that emerged from the initial partition described above: the WOW and the CS/AD waters. To partition the oligotrophic cluster that emerged from the initial analysis into the GFST, STGE and STGW provinces, we applied K-means cluster analysis to just the WOW, with the number of clusters fixed at 3. Centre coordinates of the 3 clusters for the 3 seasons are presented in Table 4 . For each season, the cluster with the highest mean SST (Table 4 , Cluster 3) was classified as GFST, the most eastern waters (Table 4 , Cluster 1) were classified as STGE and the remaining cluster as STGW. The SST and chl a concentrations were the only variables responsible for determining the variations in province boundaries; depth and geographical location for each cluster had the same values in all 3 seasons. However, as the clusters were regrouped across the 3 seasons, some small changes in the mean cluster values for the other variables were noticeable as well. For example, STGW had a mean depth of 5038, 5049 and 5067 m, respectively, in spring, summer and fall.
The CS/AD cluster was also re-analyzed into 2 clusters for each season. The cluster with the highest average longitude (most western) was assigned to the NWCS province.
RESULTS

Implementation of dynamic provinces
Generally, the dynamic definition of the ecological provinces (Fig. 5) agreed well with the static definition of Longhurst et al. (1995) (Fig. 1) for all 3 seasons. An objective statistical method (cluster analysis) identified water masses similar to Longhurst et al.'s. The most obvious and immediate result of the new method was that the provinces' rectilinear outlines, a feature of the original static partition that was acknowledged to be unrealistic, disappeared. The new method delineated the boundaries with much higher spatial resolution. The ARCT and BPLR provinces were very close to Longhurst et al.'s initial definition, with the main difference appearing in the BPLR province in spring, when it extended further south than initially defined. This is consistent with the ocean circulation in this area: the Labrador Current moves southwards towards the Scotian Shelf in spring (Dupont et al. 2006 ). The NADR province corresponded to a water mass resulting from the interaction of BPLR waters with NWCS and Slope Waters. Applying cluster analysis to satellite data led to a definition of the NADR province similar to Longhurst's static definition in the north/south direction. However, this water mass extended further to the east than indicated in Longhurst et al. (1995) .
The main departures from the original, static definition occurred in the southern part of the study area, mainly due to the addition of a new province, the slope waters: a surface water mass located on the continental slope between the phytoplankton-rich waters of the continental shelf and the phytoplankton-poor (oligotrophic) waters of the Gulf Stream and the subtropical gyre. The new province was located mainly in the area occupied by the GFST province according to Longhurst et al.'s partition. It extended westward, to the south of NADR. The dynamic NWCS province identified during the 3 cruises was smaller than the NWCS province as defined by Longhurst et al. (1995) . The dynamic GFST province identified using satellite data was located more to the south than the original, static province. The GFST replaced the western part of the STGW province in Longhurst et al. (1995) such that the dynamic STGW appeared considerably smaller than in the initial static definition, whereas the dynamic STGE province occupied a greater area than in the static definition.
Our analysis showed strong similarities between the static and dynamic definitions of ecological provinces 7 in the NW Atlantic. However, the statistical method based on satellite data (SST and chl a biomass), bathymetry and location provided a more exact and objective definition of the provinces and allowed for seasonal variations. Discontinuities appeared at the borders of the provinces, but in reality, gradients may exist between provinces. This effect is accounted for in the cluster analysis. However, it can result in misclassification of pixels, as observed in Fig. 5 , where pixels classified as belonging to the STGW and STGE provinces appeared between the GFST and Slope provinces.
Seasonal variation of the ecological provinces
One of the benefits of defining the ecological provinces objectively with satellite data is the potential to dynamically identify changes in province boundaries. Our goal was to delineate the province boundaries in real time as the data were captured. Although the provinces remained confined to roughly the same region from season to season, fluctuations were significant enough to render the dynamical approach preferable to the static one. As shown in Fig. 5 , ecological provinces changed over an annual cycle due to the seasonal warming of the waters. Fig. 6 indicates the variation of the average SST and chl a concentration for each of the 8 provinces for the spring, summer and fall C-SOLAS cruises in 2003. Detailed analysis of the seasonal variations within the ecological provinces would require a higher number of composite images for a given year, e.g. a set of 26 biweekly composite images. Nonetheless, analysing 3 discrete periods over a single year did give an initial view of the different seasonal patterns occurring in this area. It provided the basis for a new conceptual approach that rests on accumulated prior knowledge of the area. In all provinces, SST was highest in summer when day length is at maximum and the atmosphere is at its warmest (Fig. 6 ), but the provinces were identifiable throughout the study period. The BPLR province increased in size during the spring as the ice melted. Melt water promoted stratification in the water column, favoring the phytoplankton bloom. These characteristic cold, productive waters made it easy to identify this province.
As the seasons progressed, the waters became warmer and the size of the BPLR province decreased to the advantage of the NWCS province. This province showed the highest chl a concentration in all seasons, with a peak during the spring (average of 3.9 mg chl a m -3 ), which is well documented by Hoepffner & Sathyendranath (1992) . During the summer, pixels near the Labrador Shelf were identified as belonging to the ARCT; pixels located between the BPLR and the NWCS may have been there due to a temperature and/or chl a concentration gradient between those 2 provinces. The NADR province did not vary significantly between seasons, except during the fall when it expanded to the north at the expense of the ARCT province. The NADR province showed the greatest seasonal variation in SST (> 5°C between spring and summer) (Fig. 6 ), in agreement with the oceanographic characteristics described by Longhurst (2006) .
The size of the NWCS province remained fairly constant for the 3 seasons. The average chl a concentration in this province remained constant in summer and fall (at least for the period of observation). The northern boundary of the Slope Waters moved slightly northwards as did that of the NWCS province; this water mass represented a buffer between the WOW and the CS/AD. The northern boundary followed the bathymetry of the Scotian Shelf, but the presence of eddies along its border with the NWCS province (particularly in spring) suggests a strong mixing in this area and justifies the use of an objective statistical approach coupled with satellite data.
The WOW were identified using a cluster analysis and can be divided into 3 provinces, the warmest being the GFST. This province broadened from spring to fall, and during the spring strong mixing was visible between the GFST and adjacent provinces (Slope and STGW). The entire system (GFST, STGW and STGE) shifted eastwards as the seasons progressed due to the change in the Gulf Stream path, which impacted the STGW province first, then the STGE province. In summer and fall, small temperature gradients made it difficult to identify the warm oligotrophic provinces. For example, the location of the STGE province north of the GFST province was inconsistent with the definition of Longhurst et al. (1995) , but resulted from the temperature gradient between the GFST and the Slope province.
Comparison with CTD profiles
The large sizes of the provinces militate against a rigorous validation of the dynamic partitioning by comparison with in situ measurements. Only satellite observations allowed data collection over the whole area with adequately repeated coverage. CTD profiles (temperature and fluorometry) were measured at fixed stations in different regions of the study area and gave a good indication of the water masses within which the data were collected. We related the CTD profiles to the ecological provinces defined using the statistical analysis described previously.
In the spring, the temperature profiles did not show stratification and the water column was very well mixed except at Stn T1 (GFST province), where a thermocline was present at a depth of around 50 m, and at Stn L1, located in the NWCS province. At Stn L1, temperature and fluorometry profiles (Fig. 7) indicated low temperatures and high biomass, in agreement with the average values for this province, 4.5°C and 3.7 mg chl a m -3 (note that the purpose was not to compare a single in situ measurement with an area of a few thousand km 2 , but rather to gain an indication of the properties of the water masses). At this station, temperatures increased at depths of around 70 m, whereas chl a concentrations decreased. Stns T2 and T2a showed deep chl a maxima at around 40 and 20 m, respectively, typical depths for oligotrophic waters. This was consistent with the STGE province identified using the satellite data, within which these stations were located. Stn T3, located in the Slope province, exhibited a phytoplankton profile similar to that of Stn L1, but with higher values. Stns T4 and T5 were both located in the NADR province, but were separated by more than 10°of latitude. Both of these stations showed deep chl a maxima at around 40 m and slow decrease of chl a concentration with depth (up to 150 m), consistent with weak stratification. Stn T6 was located in the ARCT province: no stratification was indicated by the temperature profile and chl a concentrations were homogeneous across the first 75 m of depth.
In summer, profiles indicated increased stratification (Fig. 8) because of heating of the surface layer and reduced occurrence of storms. Stn L1 was located in the Slope province, where a deep chl a maximum was observed around 30 to 40 m. Statistical analysis classified Stns T1 and T2 as belonging to the GFST province. Fig. 5 shows, on a large scale, that these stations were surrounded by the STGW province. Temperature gradients were smaller in summer than in spring. Our analysis indicated mixing between the subtropical gyre and the Gulf Stream. Temperature profiles for Stns T1 and T2 were very similar; both also had deep chl a maxima (at 60 and 50 m, respectively), consistent with the statistical analysis. Stn T3 was located in the Slope province according to the statistical analysis. The fluorometry profiles were similar to those for Stn T2, but the temperature profiles had a thermocline (5 m) as did Stn L1, located in the same province. Stns T4 and T5 had similar temperature and fluorometry profiles (smaller amplitude of the fluorometry profile at Stn T5). These profiles were consistent with the satellite-based classification of the provinces, because both stations were located in the NADR province. Stn T6 was located in the ARCT province, and Fig. 8 shows that a thermocline was present around 40 m, deeper than the one observed at Stns T4 and T5 in the NADR province. Profiles recorded at Stn T7 exhibited a very different pattern from those observed at the other stations, with the chl a maximum occurring close to the surface and temperatures increasing with depth. This was typical for the BPLR province within which the station was located.
CTD profiles recorded at the same stations during the fall illustrated the northward shift of the provinces with the seasons (Fig. 9) . Stn L1 remained in the Slope province, where it was during summer. The fluorometry profile exhibited a deep chl a maximum at 40 m depth. Fluorometry and temperature profiles at Stns T1, T2 and T3 were characteristic of WOW in agreement with their locations in the GFST (Stns T1 and T2) and STGE provinces. Note that temperature at Stn T3 was lower than at Stns T1 and T2. Stn T4 was located in the NADR province according to the dynamic assignment of provinces. However, temperature and fluorometry profiles showed features similar to those at Stn L1, located in the Slope province. Stns T5 and T6, also located in the NADR province, had similar CTD casts. Stn T7 showed features similar to those during summer, with an increase of temperature with depth and a thermocline located at the same depth as in summer. This station was located in the BPLR province where it was in summer.
Dynamic definition of ecological provinces and primary production
At the NW Atlantic scale, primary production was of similar magnitude for both definitions of the ecological provinces, with regional values of 141 × 10 9 , 175 × 10 9 and 129 × 10 9 gC d -1 for spring, summer and fall, respectively, under the static definition of provinces, and 137 × 10 9 , 172 × 10 9 and 126 × 10 9 gC d -1 for spring, summer and fall when provinces were dynamically assigned. The agreement between the sets of daily primary production values computed using both definitions of provincial boundaries could be explained by the global assignment of the photosynthetic parameters within domains rather than provinces. This procedure was adopted due to undersampling in some areas . Table 5 shows the contribution of each province (%) to the total primary production of an area defined by cloud-free provinces in all seasons using the static and dynamic assignments of the provinces for the 3 cruises (spring, summer and fall). The NWCS province was the main contributor to primary production under the static definition, with > 40% for all seasons. The contribution of the NWCS decreased strongly under the dynamic assignment of the provinces, and the Slope province became the largest contributor to total production during the fall. Contributions to production decreased generally for all provinces under the dynamic definition, except for the STGE province, the contribution of which increased. The addition of the Slope province explained this general decrease.
DISCUSSION
The definition of ecological provinces as an aid for understanding biological and physical processes in the ocean ecosystem was assessed on the basis of satellite data. The strength of this method relies on coupling previous knowledge of oceanic provinces to an objective statistical method for accurately defining the boundaries of ecological provinces. Cluster analysis was applied to satellite data (SST and chl a concentration) to sort pixels into ecological provinces in the NW Atlantic. The immediate goal of this approach was to identify the surface water masses within which the fixed stations were located. These stations were visited during 3 research cruises executed by C-SOLAS in 2003. Availability of the dynamic partition (ecological provinces) will improve interpretation of the results (e.g. DMS production, primary production, optical measurements). The accurate definition of province boundaries represents an asset for extrapolating findings at a given station to a larger scale. Although sparse in time and space, temperature and fluorometry profiles at fixed stations showed a good agreement with the definition of the provinces.
Estimation of primary production showed that results from the dynamic assignment of the provinces were consistent with those from the static definition over large scales. The dynamic assignment of the borders of ecological provinces modified the spatial distribution Table 5 . Contribution of each province (%) to the total production in the study area for the static and dynamic definition of the ecological provinces for the 3 cruises (spring, summer and fall); -: slope not included in Longhurst et al. (1995) of production within the NW Atlantic, and significant differences appeared when comparing the results obtained using the static definition of . The method presented here demonstrates the ability to combine physical and biological data to define ecosystem structure at large scales using a robust statistical method. Including other properties in addition to SST and chl a concentration, such as location and depth, extends the scope of the partition, with the potential to extend the method to the world's oceans.
